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The Pierre Auger Observatory

• 1660 water Cherenkov detector
stations, spread out over 3000 km2

(Surface Detector, SD)
• 27 fluorescence telescopes

(Fluorescence Detector, FD)
• Taking data since 2004, currently

undergoing a major detector
upgrade (AugerPrime)
• Plastic scintillators on top of

each SD station
• Radio upgrade
• Main goal: enhance

composition sensitivity M. Niechciol (University of Siegen) for the Pierre Auger Collaboration, 6 October 2020



Ultra-high-energy (UHE) photons at Auger: (some) scientific goals

possibility of complex chemistry if the electroweak scale was too far from the confinement scale of QCD27.
In this case, there would no longer be any real reason for DM to be linked directly or indirectly to the
electroweak scale. Although the structure formation constrains the DM density, it leaves a “carte blanche”
for the mass spectrum of DM. The dark sector would be as natural as possible if the DM scale is related to
the Planck scale or to the GUT scale.

Figure 1: Constraints on the mass and lifetime of
super-heavy DM particles from the absence of UHE
photons (green) and from the absence of CR with en-
ergy above 1020.2 eV (blue). The allowed region lies
above the curves. For illustration purpose, the 95%
CL upper limit on mass obtained from the possible
value of the Hubble rate at the end of inflation for a
reheating efficiency of 1% (10%) is shown as the ver-
tical dashed (dotted) line11.

SHDM particles that are only gravitationally
coupled could have been produced at the end of in-
flation via the “freeze-in mechanism”28–30, which
relies on annihilations of the standard model parti-
cles to populate the dark sector. An interesting con-
sequence is that, so as to produce enough such very
feebly coupled heavy particles, the reheating tem-
perature must be relatively high, which implies a
tensor/scalar ratio of the primordial modes possibly
detectable in the power spectrum of the CMB. The
limits inferred from the Planck satellite on this ratio
thus constrain the possible phase space for the mass
of the particles and the value of the Hubble rate at
the end of inflation25. The corresponding 95% CL
upper limits on the mass of SHDM, obtained from
the Hubble rate at the end of inflation not to over-
shoot the CMB bounds on tensor modes, are shown
as the vertical dashed and dotted lines in Figure 1
for reheating efficiencies of 1% and 10%, respec-
tively11. They are complementary to those obtained
from the upper limits on UHE-photon fluxes. Con-
versely, the absence of photons can be combined
with cosmological models and data to constrain fur-
ther the Hubble rate at the end of inflation as a func-
tion of the particle lifetime.

Alternatively to the freeze-in mechanism to produce super-heavy DM particles, it is worth noting that
a thermal freeze-out production could also be at play. Dynamical DM has been proposed, where different
dark-matter components can interact and decay throughout the current epoch31,32. On the other hand, an
annihilation rate that is exponentially enhanced relative to standard WIMPs could indeed be taking place if
an additional hidden sector exists, through a co-annihilation with the lighter slightly-unstable hidden-sector
species33. In this case, DM decouples once the number density of the lighter species is sufficiently diluted
by Hubble expansion, effectively delaying freeze-out. Then the search for UHE photons can also be used to
constrain the parameter governing the decay of the lightest state in the hidden sector into visible-sector final
states.

Summary. It is now beyond doubt that accelerated particles by electromagnetic processes in astrophys-
ical sites are responsible for the bulk of UHECRs. Yet a sub-dominant component could come from decay
products of SHDM particles. The continuous hunt for UHE photons with current and future UHECR de-
tectors could thus lead to a serendipitous discovery of DM. The sensitivity to such a scenario is growing
through, mainly, the bounds on UHE photons and the highest-energetic particles. The constraints are being
more restrictive and the allowed parameter space is shrinking.
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• Pose constraints on the origin of UHE cosmic rays and the properties of their sources in conventional bottom-up
models: expected flux of cosmogenic (GZK) photons depends on e.g. primary composition and source properties

• Constrain exotic top-down models for the origin of UHECRs: Super-heavy dark matter (SHDM) provides a  link 
between cosmology and astroparticle physics, relating the expected flux of UHE photons to the lifetime-and-mass
parameter space of SHDM particles

• Test new-physics scenarios, e.g. Lorentz invariance violation

Auger Letters of Interest related to UHE photons:
SNOWMASS21-CF7_CF3-NF4_NF0_Jaime_Alvarez-Muniz-140
SNOWMASS21-CF1_CF7-203

Extension to lower energies!
M. Niechciol (University of Siegen) for the Pierre Auger Collaboration, 6 October 2020


